INTRODUCTION
============

A fall refers to an unintentional change in posture to the floor or a lower level ([@b17-jer-16-2-162]). Falls are hazardous incidents that may induce permanent disability by causing serious injuries, such as cerebral hemorrhage, mixed-mode fracture, and even death in more serious cases ([@b8-jer-16-2-162]; [@b17-jer-16-2-162]). In particular, falls are more fatal among older people, as it may have a detrimental impact on their health and ability to live independently, thereby causing serious physical, mental, and economic problems. Thus, falls are perceived as an important healthcare issue and there is increasing interest in falls and their prevention. Old age may be a key contributor to falls ([@b1-jer-16-2-162]; [@b8-jer-16-2-162]; [@b17-jer-16-2-162]). However, in an assessment of vestibular function via the caloric test among community-dwelling older adults aged 65 years or older who had sustained at least two falls in the preceding year, [@b14-jer-16-2-162] reported that 80% of participants had diminished vestibular function. Based on this, they pinpointed vestibular hypofunction as a major cause of falls. A diminished sense of balance, which is essential for standing and walking, is a major physical factor that induces falls. Vestibular hypofunction causes problems with the sense of balance, thereby triggering dizziness and difficulty standing or walking with the eyes open in the early days of symptom onset ([@b4-jer-16-2-162]).

Recently, the number of patients seeking medical attention with dizziness as their major complaint is increasing exponentially in Korea ([@b7-jer-16-2-162]). Vestibular hypofunction is a major cause of dizziness, and failure to receive appropriate management early after onset may result in chronic dizziness. Continuous dizziness leads to a deterioration in one's quality of life by inducing physical problems such as falls and impaired activities of daily living (ADLs) as well as psychological problems such as fear of falling, anxiety, and depression ([@b12-jer-16-2-162]).

Vestibular function requires several weeks to months to be restored ([@b11-jer-16-2-162]). However, patients with dizziness with vestibular hypofunction were reported to have difficulty with ADLs, including standing, walking, and bathing, soon after onset. Due to dizziness experienced during motion and fear of falling, patients limit their physical activity and become passive to rehabilitation exercise that is essential for recovery. This, in turn, delays the vestibular compensation of the central nervous system ([@b11-jer-16-2-162]), thereby delaying the recovery of symptoms and ADL. Ultimately, this contributes to the persistence of dizziness, and the risk for falls lingers.

Only a handful of Korean studies has assessed falls among patients with dizziness. These studies have only identified the factors that affect dizziness using data of patients who have suffered a fall, examined the incidence of falls among patients with dizziness, and investigated fear of falling and impairment of ADLs ([@b13-jer-16-2-162]; [@b12-jer-16-2-162]). Thus, the present study aimed to investigate the experiences of falls, fear of falling, and level of ADL among people with vestibular hypofunction objectively confirmed based on thorough medical examination and examined the relationships among these variables as well as the factors that impact fear of falling.

MATERIALS AND METHODS
=====================

Study design
------------

The present cross-sectional study aimed to investigate fear of falling and ADL according to sociodemographic and health-related characteristics, correlations among the major variables, and factors that affect fear of falling among patients with peripheral vestibular hypofunction and dizziness.

Participants
------------

Adults and older people aged 20 years or older who presented to a university hospital with dizziness as their major complaint and underwent vestibular function tests were recruited. The inclusion criteria were people within below normal range in at least three frequencies in the rotation chair test and people who could understand and respond to the items on the questionnaire. People who had been diagnosed with dizziness caused by a condition other than vestibular dysfunction (e.g., the central, psychogenic, and cervical types) and people who were then undergoing treatment for other medical or surgical acute diseases were excluded from this study. The minimum sample size required was estimated using G-Power 3.1.9 ([@b3-jer-16-2-162]). With a significance level of 0.05, power of 90%, moderate effect size, and 12 predictors for multiple linear regression, the required sample size was calculated to be 157. Considering potential withdrawals, 191 participants were recruited. After excluding 10 who could not complete the questionnaire due to severe dizziness, seven who did not consent to the study due to time, and seven who did not complete the questionnaire attentively, data from 167 participants were analyzed.

Instruments
-----------

### Sociodemographic characteristics

Age, sex, marital status, cohabiting status, and employment status were surveyed as sociodemographic characteristics.

### Health-related characteristics

Health-related characteristics including frequency of dizziness, history of falls due to dizziness, frequency of falls, and use of vestibular suppressants were surveyed using medical records and a self-reported questionnaire. In assessing the frequency of dizziness, dizziness was classified as transient, for cases that occurred and disappeared, intermittent, for cases that repeatedly occurred and disappeared, and continuous, for cases in which dizziness was persistent.

### Objective vestibular function

Objective vestibular function was assessed via rotary chair testing (System 2000; Micromedical Technologies, Chatham, IL, USA), which was developed to measure ocular movement by stimulating the lateral semicircular cannal. In the rotary chair test, vestibular ocular reflex gain is recorded at 0.01, 0.04, and 0.16 Hz, and patients with values below the normal range set by the manufacturer are diagnosed with vestibular hypofunction ([@b5-jer-16-2-162]).

### Dizziness

Dizziness was quantified using the visual analogue scale ([@b16-jer-16-2-162]) from no dizziness (0) to extreme dizziness (10), with a higher score indicating severer dizziness.

### ADL impairment

ADL was assessed using the vestibular disorders ADL (VADL) scale developed by [@b2-jer-16-2-162] and adapted into Korean by [@b6-jer-16-2-162]. The VADL consists of 28 items rated on a 10-point scale, and the scale is divided into the functional, ambulation, and instrumental subscales. The functional subscale pertains to basic ADLs, such as dressing and washing, while the ambulation subscale pertains to body movement, such as climbing the stairs and walking. The instrumental subscale pertains to household chores, work performance, and leisure activities. A higher score indicates greater difficulty with ADLs as a result of dizziness. We obtained permission for use from the original developer and researchers who adapted it into Korean. The reliability of the instrument as measured using Cronbach α was 0.97 in the study conducted by [@b6-jer-16-2-162] and 0.95 in our study.

### Fear of falling

Fear of falling was assessed using the Survey of Activities and Fear of Falling in the Elderly (SAFE) instrument developed by [@b10-jer-16-2-162] and adapted into Korean through translation and back translation by [@b15-jer-16-2-162]. We obtained permission for use from the original developers and researchers who adapted it into Korean. The SAFE instrument is an 11-item tool rated on a four-point Likert scale (1: not afraid, 2: neutral, 3: slightly afraid, 4: very afraid), with a higher score indicating greater fear of falling. The reliability of the adapted instrument as measured using Cronbach α was 0.91 in the study conducted by [@b15-jer-16-2-162] and 0.96 in our study.

Ethical considerations
----------------------

The study protocol was approved by the Institutional Review Board (IRB No. 2017-12-003). Prior to data collection, we informed the participants of the purpose, method, and anticipated effects of the study and participants' rights to withdraw from the study at any time. Written informed consent was obtained from those who voluntarily expressed willingness to participate in the study.

Data collection procedure
-------------------------

The survey was conducted from December 9, 2017 to March 30, 2018 after obtaining IRB approval. Among patients who visited the outpatient department of ear, nose, and throat neurology at a university hospital with suspected peripheral vestibular hypofunction, those diagnosed with vestibular hypofunction based on vestibular function testing were surveyed at the dizziness clinic. The rotary chair test for the assessment of vestibular function was performed by two audiologists using the same equipment, and vestibular function test results and disease-related characteristics were obtained from the medical records. The survey took 10--15 min per participant. The researcher provided additional explanations when participants needed clarification and had difficulty responding to the questions to minimize missing responses.

Statistical analysis
--------------------

The data collected were analyzed by independent *t*-tests, analysis of variance, Pearson correlation analysis and multiple linear regression using IBM SPSS Statistics ver. 22.0 (IBM Co., Armonk, NY, USA).

RESULTS
=======

Sociodemographic and health-related characteristics
---------------------------------------------------

The mean age of our participants was 57.55±13.50 years, and there were 64 men (38.3%) and 103 women (61.7%). One hundred twenty-one participants (72.5%) currently had a spouse while 46 (27.5%) did not. While 130 (77.8%) claimed to be living with family, 37 (22.2%) stated that they did not live with family. One hundred two (61.1%) were employed, and 65 (38.9%) were not. Dizziness was persistent in 92 participants (55.1%), intermittent in 56 (33.5%), and transient in 19 (11.4%). Sixty-one participants (36.5%) were using vestibular suppressants and 106 (63.5%) were not. The mean number of falls in the preceding 3 months was 0.73±2.52 ([Table 1](#t1-jer-16-2-162){ref-type="table"}).

Fear of falling and ADL according to sociodemographic and health-related characteristics
----------------------------------------------------------------------------------------

The fear of falling score was statistically significantly higher among women (*t*=−3.78, *P*\<0.001), people without a spouse (*t*= −3.40, *P*=0.001), people not living with family (*t*=−3.09, *P*= 0.002), unemployed people (*t*=−5.34, *P*\<0.001), people who were currently taking medications (*t*=2.69, *P*=0.008), and people with persistent dizziness (*F*=6.69, *P*=0.002). The VADL score for impaired ADL was statistically significantly higher among women (*t*=−2.58, *P*=0.012), people without a spouse (*t*=−2.81, *P*=0.006), people not living with family (*t*=−2.36, *P*=0.020), unemployed people (*t*=−3.91, *P*\<0.001), people who were currently taking medications (*t*=4.07, *P*\<0.001), and people with continuous dizziness (*F*=5.19, *P*=0.007) ([Table 1](#t1-jer-16-2-162){ref-type="table"}).

Correlations among severity of dizziness, ADL, and fear of falling
------------------------------------------------------------------

The mean dizziness score was 5.68±2.24 and the mean fear of falling score was 2.87±0.90. The mean total score for VADL was 148.72±2.10 and the mean rating was 5.42±2.59 ([Table 2](#t2-jer-16-2-162){ref-type="table"}). There were significantly strong positive correlations between dizziness and VADL score (*r*=0.67, *P*\<0.001), dizziness and fear of falling (*r*=0.61, *P*\<0.001), and fear of falling and VADL score (*r*=0.82, *P*\<0.001) ([Table 2](#t2-jer-16-2-162){ref-type="table"}).

Factors that impact fear of falling
-----------------------------------

To identify factors that impact fear of falling, the variables that were significant in the univariate analysis (namely sex, spouse, cohabitation with family, employment status, current use of medication, and frequency of dizziness) were dummy coded, and age, number of falls in the past 3 months, and current level of dizziness were included as independent variables. ADL was excluded from the independent variables due to the possibility of collinearity as a result of strong correlation (*r*=0.821, *P*\<0.001). The absence of multicollinearity was confirmed, as the tolerance limits among the independent variables ranged from 0.519--0.919 and exceeded the cutoff of 0.1, and the variance inflation factor ranged from 1.133--1.926, all below the cutoff value of 10. The results showed that fear of falling increased with increasing age (*β*=0.27, *P*\< 0.001), among women (*β*=0.15, *P*=0.016), among those with a history of falls (*β*=0.11, *P*=0.045), and among those who currently had severe dizziness (*β*=0.51, *P*\<0.001). The explanatory power of the model was 53.4%, and the model was statistically significant (*F*=20.04, *P*\<0.001) ([Table 3](#t3-jer-16-2-162){ref-type="table"}).

DISCUSSION
==========

In the assessment of the risk of falls, people with reduced vestibular function and dizziness are considered to be at high risk ([@b17-jer-16-2-162]). Patients with dizziness with vestibular hypofunction limit themselves from engaging in ADLs and rehabilitative exercises due to a fear of falling, which in turn hinders vestibular compensation, ultimately further elevating the risk of fall and reducing their quality of life ([@b8-jer-16-2-162]). Thus, the present study aimed to investigate the fear of falling and its influencing factors among patients with dizziness secondary to vestibular hypofunction.

In terms of participants' demographic characteristics, fear of falling was significantly more common among women, older persons, unemployed persons living alone, and people with a history of falls ([Table 1](#t1-jer-16-2-162){ref-type="table"}). The high fear of falling among older people and those living alone are in line with the results of a study on fear of falling among patients with rheumatoid arthritis ([@b9-jer-16-2-162]). Although the said study only involved older women and thus could not examine sex-specific differences, previous studies on community-dwelling older people ([@b15-jer-16-2-162]) found that fear of falling was significantly more common among women, older people, and those living alone, as found in our study. This result supports previous findings that weakened social support, which alleviates and helps overcome psychological fear, has an adverse impact on fear of falling.

In terms of health-related characteristics, fear of falling significantly differed according to persistence of dizziness, use of vestibular suppressants, and history of falls ([Table 1](#t1-jer-16-2-162){ref-type="table"}). Persistent dizziness and the use of vestibular suppressants indicate the severity of the symptoms, and the high severity of symptoms seems to have contributed to the fear of falling. Moreover, we found that people with a history of fall had a greater fear of falling. Previous studies also reported that a history of fall not only induces physical injuries but also has an adverse psychological impact, and that it may serve as a major predictor of future falls ([@b8-jer-16-2-162]; [@b9-jer-16-2-162]). In our study, fear of falling was significantly greater among those with a history of fall, and this suggests that fall prevention activities should be more focused on patients with dizziness with vestibular hypofunction who have sustained falls in the past.

In our study, 37.7% of the participants stated that they had a previous history of fall. A sense of balance is known to be the greatest contributor to falls ([@b8-jer-16-2-162]) and a problem with balance as a result of vestibular hypofunction causes a serious problem with standing and walking. In other words, the risk of falls increases with the increasing degree of vestibular hypofunction. [@b14-jer-16-2-162] reported that 80% of community-dwelling older people who had at least two falls a year had diminished vestibular function as diagnosed based on caloric testing. A Korean study that reported that 93 out of 148 (62.8%) older women aged 65 years or older living alone with a history of falls suffered from dizziness ([@b13-jer-16-2-162]) support this hypothesis. This suggests that studies on falls consider assessment of vestibular function, which impacts participants' sense of balance especially on elderly.

In our study, fear of falling was strongly positively correlated with impaired ADL and level of dizziness ([Table 2](#t2-jer-16-2-162){ref-type="table"}). That is, fear of falling increased with greater impaired ADL and dizziness. This shows that fear of falling is closely related to limited physical activity, which suggests that psychological factors among participants served as an obstacle to active involvement.

Multiple regression identified severity of dizziness, age, sex, and history of falls as factors that impact fear of falling ([Table 3](#t3-jer-16-2-162){ref-type="table"}). Although we cannot compare our results to those of previous studies due to the lack of studies that assessed factors that affect fear of falling among patients with vestibular hypofunction, individualized strategies to reduce fear of falling should be devised for vestibular rehabilitation exercise among female patients with severe dizziness and a history of falls.
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###### 

Fear of falling and activities of daily living (ADLs) according to demographic and clinical characteristics (n=167)

  Variable                               No. (%)      Fear of falling   ADL                      
  -------------------------------------- ------------ ----------------- ------------ ----------- ------------
  Gender                                                                                         
   Men                                   64 (38.3)    2.54±0.96         −3.78        4.75±2.92   −2.55
   Women                                 103 (61.7)   3.08±0.79         (\<0.001)    5.84±2.27   (0.012)
                                                                                                 
  Age (yr)                                                                                       
   20--34^a)^                            8 (4.8)      2.02±0.86         9.88         3.36±2.02   8.51
   35--49^b)^                            37 (22.2)    2.64±0.89         (\<0.001)    4.67±2.64   (\<0.001)
   50--64^c)^                            73 (43.7)    2.75±0.86         a, b, c\<d   5.12±2.50   a, b, c\<d
   ≥65^d)^                               49 (29.3)    3.36±0.73                      6.77±2.20   
                                                                                                 
  Marital status                                                                                 
   Yes                                   121 (72.5)   2.73±0.88         −3.40        5.08±2.55   −2.81
   No (divorced, bereaved, and single)   46 (27.5)    3.24±0.82         (\<0.001)    6.32±2.49   (0.006)
                                                                                                 
  Living alone                                                                                   
   Yes                                   130 (77.8)   2.76±0.90         −3.09        5.18±2.55   −2.36
   No                                    37 (22.2)    3.26±0.78         (0.002)      6.30±2.57   (0.020)
                                                                                                 
  Employment status                                                                              
   Yes                                   102 (61.1)   2.61±0.91         −5.34        4.83±2.56   −3.91
   No                                    65 (38.9)    3.28±0.71         (\<0.001)    6.37±2.35   (\<0.001)
                                                                                                 
  Frequency of dizziness                                                                         
   Persistent^a)^                        92 (55.1)    3.09±0.85         6.69         5.99±2.63   5.19
   Intermittent^b)^                      19 (11.4)    2.56±0.95         (0.002)      4.68±2.50   (0.007)
   Transient^c)^                         56 (33.5)    2.61±0.86         c\<a         4.74±2.35   c\<a
                                                                                                 
  Use of antivertigo medication                                                                  
   Yes                                   61 (36.5)    3.11±0.88         2.69         6.45±2.43   4.07
   No                                    106 (63.5)   2.73±0.88         (0.008)      4.83±2.50   (\<0.001)
                                                                                                 
  History of falling                                                                             
   Yes                                   63 (37.7)    3.48±0.63         8.585        7.11±2.23   7.615
   No                                    104 (62.3)   2.50±0.83         (\<0.001)    4.40±2.23   (\<0.001)

SD, standard deviation.

###### 

Correlation among fear of falling, dizziness, and activities of daily living (ADLs) (n=167)

  Variable          Fear of falling   Dizziness        ADL
  ----------------- ----------------- ---------------- ------
  Fear of falling   1.00              \-               \-
  Dizziness         0.61 (\<0.001)    1.00             \-
  ADL               0.82 (\<0.001)    0.67 (\<0.001)   1.00

Values are presented as *r* (*P*-value).

###### 

Factors influencing fear of falling (n=167)

  Variable                                                          B      SE     *β*    *t*    *P*-value
  ----------------------------------------------------------------- ------ ------ ------ ------ -----------
  Age                                                               0.02   0.01   0.27   3.70   \<0.001
  Gender[a)](#tfn5-jer-16-2-162){ref-type="table-fn"}               0.27   0.11   0.15   2.44   0.016
  History of falling[a)](#tfn5-jer-16-2-162){ref-type="table-fn"}   0.04   0.02   0.11   2.02   0.045
  Dizziness                                                         0.21   0.02   0.51   9.28   \<0.001

SE, standard error.

*R* ^2^=0.562, adjusted *R* ^2^=0.534, *F*=20.04, *P*\<0.001, Durbin--Watson statistic=1.79.

Dummy variable: gender (0=female, 1=male), history of falling (0=yes, 1=no).
